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THE  LEUCOCYTOSIS  OF  DIPHTHEKIA 
UNDER  THE  INFLUENCE  OF  SERUM  THERAPY: 


The  universal  interest  now  centring  upon  the  serum-, 
therapy  of  diphtheria  has  served  to  emphasize  the  present 
lack  of  knowledge  of  the  leucocytosis  of  this  disease.  While 
probably  not  to  be  regarded  as  the  ultimate  agent  in  the  pro- 
duction of  immunity,  the  leucocyte  has  been  certainly  dem- 
onstrated as  the  instrument  through  which  the  immuniz- 
ing principle  secures  a  limitation  of  infectious  processes. 
It  might  be  anticipated,  therefore,  that  in  this  malignant 
infection  a  careful  study  of  the  leucocyte,  the  organism's 
chief  means  of  defense,  w^ould  prove  to  be  of  some  theo- 
retical interest,  or  perhaps  give  valuable  aid  in  following 
the  clinical  course  of  the  disease.  Especially  under  the  in- 
fluence of  a  new  therapeutic  agent  claimed  to  limit  the 
local  process  and  possibly  destroy  the  circulating  poison,  a 
more  complete  knowledge  of  the  leucocytosis  of  diphtheria, 
is  demanded,  in  the  hope  of  partially  explaining  the  mode 
of  action  of  the  so-called  "  antitoxine  "  and  the  production 
of  immunity  in  general. 

The  literature  concerned  with  the  leucocytosis  of  diph- 
theria is  limited.  In  1868,  before  the  application  of  our 
present  methods  to  the  enumeration  of  blood-cells,  Bouchut. 
observed  an  "  acute  leucsemic  condition  "  of  the  blood  in. 
diphtheria,  by  examining  specimens  under  a  cover  glass. 

In  1877,  Bouchut  and  Dubrisay  published  ninety-three 
analyses  of  the  blood  of  children  ill  with  diphtheria.  They 
noted  a  progressive  febrile  anaemia  and,  with  few  excep- 
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tions,  a  considerable  leucocytosis.  Their  conclusions  as  to 
the  presence  and  significance  of  this  phenomenon  in  diph- 
theria not  being  supported  by  fourteen  observations  of  Cuf- 
fer's,  a  more  extensive  study  was  undertaken,  and  in  1879 
Bouchut  reported  a  larger  series  of  cases,  in  which  the 
changes  in  the  blood  had  been  followed  from  day  to  day. 
As  a  result  of  this  work,  he  concluded  that  when  diph- 
theria remains  a  local  process,  it  always  terminates  favor- 
ably and  is  unattended  by  leucocytosis ;  but  when  the  local 
process  is  complicated  by  septicaemia,  the  disease  always 
terminates  fatally  and  a  leucocytosis  occurs  which  is  the 
exact  measure  of  the  toxaemia.  He  apparently  ignored,  in 
these  conclusions,  evidence  appearing  in  his  own  studies, 
that  in  some  cases  there  is  a  moderate  and  decreasing  leu- 
cocytosis accompanying  marked  and  increasing  septicaemia 
and  a  malignant  course. 

Pee,  as  cited  by  Rieder,  found  the  leucocytosis  of  diph- 
theria less  pronounced  than  that  of  ordinary  follicular 
amygdalitis. 

Rieder  adds  five  analyses  of  his  own,  in  three  cases  at- 
tended with  moderate  leucocytosis.  He  regards  the  ex- 
amination of  the  blood  as  of  no  value  in  the  diagnosis 
between  diphtheria  and  benign  pharyngitis.  Further  ob- 
servation is  necessary,  he  thinks,  to  support  the  observation 
of  Bouchut  that  the  leucocytosis  of  diphtheria  increases 
with  the  severity  of  the  disease,  and  that  the  examination 
of  the  blood  may  therefore  be  of  value  in  prognosis. 

Very  recently,  Morse  published  thirty  analyses  of  the 
blood  in  as  many  cases  of  diphtheria  occurring  in  children 
and  adults  at  the  Boston  City  Hospital.  He  found,  as 
did  Bouchut,  that  the  leucocytosis  of  diphtheria  increases 
with  the  degree  of  septic  intoxication,  and  concluded  that 
the  examination  of  the  blood  is  of  no  value  in  prognosis. 
In  his  cases,  the  leucocytosis  corresponded  usually,  but  not 
always,  with  the  extent  of  the  membrane,  and  subsided 
with  or  soon  after  its  disappearance.  The  leucocytosis  was 
not  affected  by  glandular  involvement,  nor  by  pulmonary 
or  renal  complications.  From  a  morphological  study  of 
the  leucocytes,  he  found  the  increase  to  be  due,  in  the 
majority  of  cases,  to  an  excess  of  multinuclear  neutrophile 
cells ;  but  in  several  instances  all  varieties  were  present  in 
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normal  proportions,  and  in  some  convalescent  cases  a  lym- 
phocytosis was  observed  without  glandular  enlargement. 

The  serum  therapy  of  diphtheria  having  been  most  ex- 
tensively followed  in  Paris  by  Roux,  observations  on  the 
influence  of  antitoxine  upon  the  leucocytosis  of  diphtheria 
were  naturally  expected  from  that  centre.  Accordingly. 
Gabritschewsky  recently  reported  a  study  of  the  leucocy- 
tosis of  fourteen  cases  of  diphtheria  treated  by  antitoxine. 
His  clinical  observations  led  him  to  believe  that  "  the  leu- 
cocytosis of  diphtheria  follows  a  peculiar  course  which  dis- 
tinguishes it  from  the  leucocytosis  of  many  other  infectious 
diseases,"  such  as  pneumonia.  "  Progressive  leucocytosis 
in  diphtheria  is  a  bad  prognostic  sign,  and  the  analysis  of 
the  blood  may  give  useful  indications  concerning  the  value 
of  treatment."  In  eleven  successful  cases  and  in  one  fatal 
case  there  was  a  progressive  diminution  of  leucocytes  fol- 
lowing treatment  by  antitoxine.  In  two  fatal  cases  the 
leucocytosis  increased  after  the  use  of  antitoxine.  In  a 
series  of  experiments  conducted  upon  rabbits,  he  found  the 
intraocular  injection  of  the  diphtheria  bacillus  to  be  fol- 
lowed, in  the  susceptible  animal,  by  absence  of  local  inflam- 
matory reaction,  by  generalization  of  the  poison,  and  death  ; 
but  in  the  vaccinated  animal  there  was  an  intense  inflam- 
matory reaction,  which  prevented  the  entrance  of  bacteria 
into  the  blood,  and,  through  phagocytosis,  soon  effected  a 
cure. 

In  sections  through  the  tissues  at  the  site  of  inocula- 
tion, the  necrotic  action  of  the  bacillus  was  much  more  ex- 
tensive, and  phagocytosis  less  pronounced,  in  the  susceptible 
than  in  the  vaccinated  animal.  lie  believes  that  the  ne- 
crotic action  of  the  diphtheritic  toxine  affects  all  the  cells 
of  the  organism  and  inhibits  phagocytic  activity,  while 
therapeutic  serum  renders  the  cells  less  sensitive  to  the 
action  of  the  toxine. 

The  literature  thus  reviewed  seems  to  ofl;er  insufficient 
evidence  from  which  to  establish  the  relation  of  the  leuco- 
cytosis to  the  clinical  features  of  diphtheria.  Bouchut 
alone  was  able  to  follow  his  cases  with  this  end  in  view  for 
a  continued  period.  Further,  the  virulent  nature  of  the 
diphtheritic  poison  makes  this  disease  a  specially  favorable 
field  for  a  morphological  study  of  the  leucocyte  as  affected 
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by  a  bacterial  toxine.  Finally,  tbe  inliuence  of  the  anti- 
toxine  upon  leucocytosis  and  the  morphology  of  the  leuco- 
cyte has  already  been  mentioned  as  deserving  much  more 
careful  attention  than  the  subject  has  yet  received. 

With  these  ends  in  view,  the  writer  followed  the 
changes  in  the  blood  of  fifty-three  cases  of  diphtheria  re- 
ceived at  the  Willard  Parker  Hospital  during  the  months 
of  February  and  March,  1895.  Access  to  these  cases  was 
secured  through  the  kindness  of  Professor  T.  Mitchell 
Prudden,  which  the  writer  here  takes  pleasure  in  acknowl- 
edging. 

The  constant  courtesy  of  Dr.  Somerset  removed  much 
of  the  difficulty  of  obtaining  specimens  of  blood  from  the 
patients,  all  of  whom  were  under  his  immediate  charge. 
The  serum  used  in  the  hospital  was  prepared  under  the 
direction  of  Dr.  Park  and  Dr.  Fitzpatrick,  and  that  era- 
ployed  in  the  experiments  was  kindly  furnished  by  Dr.  Ira 
T.  Van  Gieson. 

Technique  and  Morphology  of  Leucocijtes. — The  speci- 
mens of  blood  were  drawn  in  the  usual  way  from  the  dried 
finger  tip  through  a  fine  needle  puncture. 

The  Thoma  Zeiss  erythrocytometer  was  employed  in 
the  examinations,  the  blood  being  diluted  a  hundred  times 
in  six-per-cent.  salt  solution  tinged  with  gentian  violet. 
A  very  weak  solution  of  this  dye  is  recommended  to  dem- 
onstrate some  of  the  reactions  of  the  leucocytes  hereafter 
described. 

One  drop  of  saturated  alcoholic  solution  of  gentian  vio- 
let added  to  fifty  cubic  centimetres  of  salt  solution  gave 
the  most  satisfactory  staining  fluid  for  this  purpose.  Not 
being  able  to  secure  the  counting  chamber  designed  by 
Zaffert,  in  which  is  outlined  nine  times  the  area  of  Thoma's 
instrument,  a  mechanical  stage  was  used  in  order  to  count 
the  number  of  leucocytes  necessary  to  guarantee  accurate 
.results. 

By  this  method  forms  were  enumerated  which  may  be 
classified  and  described  as  follows  : 

1.  Small  mononuclear  cells,  of  which  the  nucleus  is 
.usually  compact  and  deeply  staining,  and  the  protoplasm 
Jimited  to  a  thin,  faintly  visible  ring.  By  the  examination 
^)f  dry  specimens  stained  with  hsematoxylon  and  eosin,  this 
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class  was  found  to  include  lymphocytes  without  visible 
protoplasm,  ordinary  uninuclear  leucocytes  with  compact 
nucleus,  transitional  forms  of  uninuclear  leucocytes  in  which 
the  nucleus  shows  a  tendency  to  become  incurved  or  vesicu- 
lar, and,  finally,  a  few  uninuclear  leucocytes  in  process  of 
direct  nuclear  division. 

2.  Large  uninuclear  leucocytes  with  vesicular,  usu- 
ally faintly  staining,  nucleus,  and  a  considerable  mass  of 
clear  protoplasm  having  no  affinity  for  gentian  violet. 
Dry  preparations  showed  this  class  to  consist  of  uninu- 
clear leucocytes  with  neutrophile  protoplasm,  and  a  large 
round  or  slightly  incurved  nucleus,  which  is  not  distinctly 
vesicular,  but  which  presents  throughout  a  thin  stratum  of 
chromatin  much  condensed  at  its  circumference.  In  the 
tables,  the  large  and  small  mononuclear  cells,  as  determined 
n  salt  solution,  are  combined  for  the  sake  of  brevity.  * 

3.  Multinuclear  leucocytes  of  which  the  nucleus  stains 
distinctly  with  the  above  weak  solution  of  gentian  violet 
Occasionally,  in  the  protoplasm  of  these  cells,  a  few  green- 
ish (eosinophile)  granules  were  observed.  In  dry  prepara- 
tions the  nuclei  of  these  cells  were  always  found  compact 
and  deeply  stained  with  haematoxylon.  The  isolated 
eosinophile  granules  appeared  deep  red  as  usual,  and  some 
of  these  cells  contained  the  pseudo-eosinophile  granules 
mentioned  below. 

4.  The  enumeration  of  this  class  of  cells  was  based  sole- 
ly upon  a  much-diminished  or  entire  lack  of  affinity  shown 
by  the  nuclei  of  many  multinuclear  leucocytes  for  gentian 
violet  in  the  above-mentioned  diluted  solution.  In  dry 
preparations  the  nuclei  of  these  cells  appear  less  compact 
and  stain  rather  less  deeply  with  haematoxylon  than  the 
nuclei  of  multinuclear  leucocytes  found  in  normal  human 
blood.  Their  protoplasm  frequently  contains  granules  of 
varying  size  which  show  an  increased  affinity  for  eosin,  not 
sufficient  to  place  them  among  eosinophile  cells,  but  too 
evident  to  allow  their  classification  among  multinuclear  neu- 
trophile cells.  Many  of  the  forms  enumerated  by  the 
writer  in  this  fourth  class  are  doubtless  identical  with  the 
so-called  pseudo-eosinophile  cells,  or  with  the  amphophile 
cells  of  Ehrlich  ;  for,  notwithstanding  the  statement  of 
Cantacuzene  (loc.  cit.,  page  46)  that  pseudo-eosinophile 
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cells  do  not  occur  in  human  blood,  treatment  by  eosin  and 
methyl  blue  develops  the  violet  color  of  such  granules  in 
every  one  of  the  pale  leucocytes  to  be  found  in  severe 
cases  of  diphtheria.  It  was  not,  however,  the  presence  of 
these  granules,  which  are  invisible  in  salt  solution,  but  the 
failure  of  staining  quality  in  the  nucleus,  which  deter- 
mined this  special  classification.  In  fact,  after  treatment 
by  eosin  and  methyl  blue,  nearly  all  the  multinuclear  leuco- 
cytes of  the  severe  cases  of  diphtheria  showed  an  abun- 
dance of  pseudo-eosinophile  granules.  This  observation 
accords  with  those  of  Cantacuzene,  and  of  Everard,  De- 
moor,  and  Massart,  who  found  that  in  guinea-pigs  and 
rabbits  nearly  all  multinuclear  leucocytes  contain  such  gran- 
ules within  twenty-four  hours  after  intraperitoneal  injec- 
tion of  the  cholera  vibrio. 

The  formation  of  these  granules  had  been  shown  by 
MetchnikofE  to  result  from  the  process  of  intracellular  di- 
gestion which  occurs  during  phagocytosis.  Examining 
the  peritoneal  exudate  from  vaccinated  guinea-pigs  after 
injection  of  the  cholera  vibrio,  he  found  that  the  vibrios 
englobed  by  the  leucocytes  at  first  assumed  a  blue  color 
with  methyl  blue,  but  soon  began  to  show  an  affinity  for 
acid  dyes.    Treated  successively  by  eosin  and  methyl  blue, 
many  of  the  leucocytes  were  found  to  contain,  side  by  side, 
a  vibrio  colored  blue  and  another  colored  red.    At  a  later 
stage,  the  bacteria  were  reduced  to  granulations  so  ar- 
ranged as  to  reproduce  the  original  form  of  the  vibrio,  and 
colored  blue  or  violet  or  red,  according  to  the  stage  of 
digestion.    Finally,  as  the  intracellular  digestion  was  com- 
pleted,  the    leucocytes  of  the  peritoneal  exudate  were 
gorged  vfith  pseudo-eosinophile  granules,  resulting  from 
the  destruction  of  microbes.    While  this  process  in  diph- 
theria may  very  well  result  in  the  formation  of  pseudo- 
eosinophile  granules  in  the  protoplasm  of  leucocytes,  it  is 
hardly  a  suflicient  explanation  of  the  occurrence  of  these 
granules  in  ninety  per  cent,  of  the  intravesicular  multinu- 
clear leucocytes,  nor  does  it  explain  the  bleaching  of  the 
nuclei.    To  the  necrotic  action  of  the  circulating  toxines 
must  be  attributed  a  considerable  influence  in  the  produc- 
tion of  these  changes  in  the  leucocytes  of  diphtheria. 

5.  The  true  eosinophile  cells  contain  large  greenish  re- 
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fractive  granules,  whicli  can  be  quite  as  positively  identi- 
fied in  salt  solution  as  by  staining  processes.  The  nuclei 
of  these  cells  usually  stain  faintly  with  gentian  violet,  but 
occasionally  they  assume  a  color  as  dark  as  that  of  ordi- 
nary multinuclear  leucocytes.  Following  the  principle  pre- 
viously stated,  the  eosinophile  cells  with  well-stained  nu- 
clei were  added  to  the  third  class,  and  the  same  cells  with 
poorly  staining  nuclei  to  the  fourth. 

6.  Finally,  the  proportion  of  amoeboid  figures  was 
found  to  greatly  increase  with  the  severity  of  the  disease, 
and  a  separate  enumeration  was  made  of  cells  in  this  con- 
dition. 

Dry  preparations  were  submitted  for  three  to  five  min- 
utes to  the  action  of  a  saturated  alcoholic  solution  of  eosin. 
Gage's  hfeinatoxylon  was  used  as  a  nuclear  stain,  and  the 
specimens  were  treated  with  this  fluid  for  five  minutes. 
For  the  demonstration  of  pseudo  eosinophile  granules,  the 
preparations  were  stained  for  five  to  ten  minutes  in  a 
strong  watery  solution  of  methyl  blue,  after  the  usual  treat- 
ment by  eosin. 

In  the  examination  of  stained  preparations  the  follow- 
ing forms  were  enumerated : 

1.  Small  lymphocytes  with  compact,  deeply  staining 
nucleus,  and  with  or  without  a  very  thin  ring  of  proto- 
pla'sm. 

2.  Uninuclear  leucocytes  of  which  the  nucleus  is  al- 
ways deeply  stained,  in  form  either  compact  and  spherical, 
or  slightly  incurved,  or  partially  vesicular,  and  of  which 
the  protoplasm  is  abundant  and  neutrophile. 

3.  Large  uninuclear  leucocytes  with  a  large  circular 
or  slightly  irregular  nucleus,  staining  well  with  hseniatoxy- 
lon  at  the  periphery,  less  deeply  at  the  centre,  and  with 
abundant  neutrophile  protoplasm. 

4.  Multinuclear  leucocytes  of  wliich  the  nuclei  are  com- 
pact and  deeply  staining  and  the  protoplasm  more  or  less 
occupied  by  pseudo-eosinophile  granules. 

5.  Multinuclear  leucocytes  of  which  the  nuclei  are 
larger,  appearing  vesicular  in  salt  solution,  staining  deeply 
with  hsematoxylon  at  the  periphery,  but  faintly  at  the  cen- 
tre. A  sufficient  reason  for  the  separate  enumeration  of 
these  cells  was  found  in  the  fact  that  their  variations  cor- 
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responded  to  changes  in  the  severity  of  the  disease,  and 
that  injections  of  anlitoxine  were  found  to  affect  princi- 
pally these  and  the  large  mononuclear  forms. 

6.  Eosinophile  cells,  which,  on  account  of  their  infre- 
quent occurrence  and  lack  of  significance  in  acute  infec- 
tious diseases,  here  deserve  little  attention. 

The  Variations  of  Leucocytosis  and  the  Clinical  Fea- 
tures of  Diphtheria. — From  the  study  of  the  present  cases, 
it  appears  that  the  leucocytosis  of  diphtheria  is  consider- 
ably affected  by  many  of  the  clinical  features  of  the  dis- 
ease, but  bears  no  invariable  relation  to  any  of  them. 

In  a  large  majority  but  not  in  all  of  the  severe  cases  a 
pronounced  increase  of  leucocytes  was  found  at  the  time 
of  admission  to  the  hospital.  In  its  further  course  the 
leucocytosis  was  most  affected  probably  by  the  local  in- 
tiammatory  reaction,  as  judged  by  the  extent  of  the  mem- 
brane, the  hyperaemia,  and  the  involvement  of  the  cervical 
lymph  nodes.  In  three  cases  in  which  the  inflammatory 
reaction  was  slight  and  the  membrane  very  limited  in  ex- 
tent, the  leucocytosis  was  very  modeiate  in  spite  of  a  high 
febrile  disturbance,  and  in  five  others  in  which  there  was 
extensive  formation  of  membrane  the  leucocytosis  was  pro- 
nounced, but  the  rise  of  temperature  moderate. 

The  variations  in  leucocytosis  often  corresponded  with 
the  course  of  the  fever.  This  relation,  however,  held 
only  during  the  first  days  of  the  disease,  for  after  the  cli- 
max of  the  systemic  reaction  there  were  many  variations 
between  the  grade  of  leucocytosis  and  tlie  height  of  the 
fever,  some  cases  recovering  with  falling  temperature  but 
high  leucocytosis,  others  d}ingwith  a  rising  temperature 
but  steady  decrease  in  the  numbers  of  leucocytes. 

In  eleven  cases  in  which  the  streptococcus  as  well  as 
the  Klebs  Loefiler  bacillus  was  identified  morpho  ogically 
in  the  cultures,  there  was  no  definite  influence  referable  to 
the  mixed  infection.  Many  of  these  cases  wez'e  very  severe 
or  fatal. 

In  ten  fatal  cases  a  complicating  pneumonia  was  the 
cause  of  death.  When  the  pulmonary  lesion  was  rapidly 
fatal,  this  complication  caused  a  rapid  increase  of  leucocy- 
tosis, but  when  the  termination  was  postponed  for  three  or 
four  days,  a  steady  diminution  of  leucocytes  was  observed. 
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The  influence  of  renal  complications  was  not  recognized 
either  in  the  height  or  in  the  course  of  the  leucocytosis. 
A  pronounced  lymphocytosis  was  a  special  feature  in  two 
severe  cases,  unaccompanied  by  any  hyperplasia  of  the 
lymph  nodes.  There  was  here  no  evidence  that  the  excess- 
ive increase  of  uninuclear  leucocytes  had  any  influence 
on  the  numbers  of  multinuclear  cells,  which  throughout  the 
disease  appeared  in  the  usual  proportions. 

A  considerable  hyporleucocytosis  persisted  in  two  cases 
long  after  the  complete  subsidence  of  fever  and  the  dis- 
appearance of  bacilli  and  local  inflammation.  This  ob- 
servation may  be  related  to  that  of  Chatenay,  who  found 
that  the  leucocytosis  of  animals  undergoing  successful  vac- 
cination was  very  slow  in  subsiding. 

From  the  dry  preparations  it  was  noted  that  the  num- 
bers of  uninuclear  leucocytes  were  subject  to  periodical 
variations  without  apparent  relation  to  clinical  features  of 
the  disease.  The  proportions  of  multinuclear  leucocytes 
usually  increased  with  the  severity  of  the  symptoms  and 
diminished  during  convalescence.  In  many  of  the  fatal 
cases  the  percentage  of  multinuclear  cells  progressively  de- 
clined or  had  never  reached  a  high  figure. 

The  low  proportion  of  multinuclear  cells  often  observed 
at  an  early  period  may  be  regarded  as  a  relic  of  the 
toxic  hypoleucocytosis  produced  at  the  onset  of  the  dis- 
ease. This  feature  was  specially  prominent  in  very  severe 
cases. 

In  order  to  correctly  interpret  the  variations  of  leuco- 
cytosis in  diphtheria,  it  is  necessary  to  consider  the  rela- 
tions of  the  local  inflammatory  process,  the  degree  of  sep- 
tic absorption,  and  the  activity  of  the  blood-producing 
function.  It  is  necessary  also  to  distinguish  between  local 
and  intravascular  leucocytosis.  The  latter  does  not  repre- 
sent the  real  war  of  the  organism  against  infection,  which 
can  only  be  seen  in  sections  through  the  tissues  at  the 
point  of  inoculation  and  by  estimation  of  the  local  afflux  of 
phagocytes.  Intravascular  leucocytosis  represents  only  the 
activity  of  the  blood-producing  function  in  the  attempt  to 
remove  from  the  system  those  bacterial  products  which 
have  passed  the  barrier  of  leucocytes  at  the  site  of  infec- 
tion.   It  may  also  indicate  to  a  less  degree  the  number  of 
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leucocytes  developed  in  difEerent  organs  and  on  their  way 
to  the  local  inflammatory  focus. 

From  the  experimental  evidence  accumulated  in  this 
and  other  local  infectious  diseases,  it  is  known  that  the 
quantity  of  bacteria  and  products  that  reach  the  circulation 
at  the  beginning  of  an  infectious  process  varies  with  the 
amount  and  virulence  of  the  infection  and  the  susceptibility 
of  the  animal.  In  susceptible  animals  a  localized  injection 
of  pathogenic  bacteria  is  followed  by  a  considerable  period 
of  negative  chemotaxis,  during  which  there  is  a  failure  of 
phagocytosis  and  the  injected  material  is  free  to  enter  the 
circulation.  In  refractory  and  inoculated  animals  this  pe- 
riod of  negative  chemotaxis  lasts  a  very  few  minutes  or  is 
practically  absent,  and  the  injected  material  is  immediately 
attacked  by  phagocytes,  probably  influenced  also  by  the 
bactericidal  action  of  blood  serum,  and  at  once  shut  olf 
from  the  circulation.  In  two  animals  of  equal  susceptibil- 
ity the  period  of  negative  chemotaxis  is  longer  in  that  one 
which  receives  the  larger  and  more  virulent  injection.  In 
very  susceptible  animals  the  period  of  negative  chemotaxis 
may  continue  until  the  death  of  the  animal.  The  inocula- 
tion of  guinea-pigs  with  diphtheria  is  followed  by  such  a 
course  of  intoxication.  By  further  application  of  the  same 
principles  it  is  possible  that,  even  after  the  initial  period  of 
negative  chemotaxis  has  passed  and  leucocytosis  and 
phagocytosis  are  well  established,  the  injections  may  be  so 
varied  and  increased  that  negative  chemotaxis  may  be  re- 
established, the  blood- producing  function  exhausted,  and 
the  intravascular  and  local  leucocytosis  succeeded  by  pro- 
gressive failure  of  both  phenomena. 

The  death  of  the  animal  may,  of  course,  occur  at  any 
stage  of  the  process,  either  before  intravascular  leucocyto- 
sis has  occurred,  or  at  its  height,  or  during  its  progressive 
failure  (Metchnikoii,  PfeifEer,  Wasserman,  Isaelf,  Sanarelli, 
Cantacuzene,  etc.). 

Many  of  the  clinical  variations  of  leucocytosis  to  be  ob- 
served in  diphtheria  may  be  explained  according  to  these 
experimental  data. 

A  moderate  local  infection  in  the  insusceptible  adult 
may  be  unattended  by  general  leucocytosis,  as  was  several 
times  observed  in  the  present  series  of  cases.  Children 
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being  more  susceptible  tban  adults,  in  them  nearly  all  diph- 
theritic infections  may  be  expected  to  produce  an  appreci- 
able period  of  negative  chemotaxis,  allowing  considerable 
absorption  of  toxines,  with  a  corresponding  leucocytosis. 
Accordingly,  only  one  case  of  well-marked  severity  occur- 
ring in  a  child  was  observed  to  run  its  course  without  dis- 
tinct leucocytosis. 

With  an  intense  local  infection  it  might  be  anticipated 
that  even  in  insusceptible  adults  a  moderate  quantity  of 
bacterial  products  would  reach  the  circulation  and  there 
excite  leucocytosis.  In  the  cases  observed  in  adults,  when 
the  local  infection  was  virulent  enough  to  cause  the  forma- 
tion of  much  membrane,  there  was  also  pronounced  intra- 
vascular leucocytosis,  corresponding  in  general  to  the  sever- 
ity of  the  local  reaction. 

\Yith  one  possible  exception,  no  case  was  found  in 
which  the  period  of  negative  chemotaxis  continued  until  a 
fatal  issue ;  but  it  seems  probable  that  a  more  extended  ob- 
servation of  malignant  epidemics  would  produce  an  exam- 
ple of  malignant  diphtheria  unattended  by  leucocytosis. 
The  human  subject  being  comparatively  insusceptible  to 
diphtheria,  the  period  of  positive  chemotaxis,  with  high 
intravascular  leucocytosis  and  intense  local  reaction,  may 
be  expected  early  in  the  disease.  This  is  the  usual  clini- 
cal form  of  the  affection  in  children,  and  most  of  the  fatali- 
ties occur  at  a  period  marked  by  high  leucocytosis  and  ac- 
tive inflammation.  In  the  present  series  eleven  of  the  fatal 
cases  died  during  this  stage. 

It  is  more  difficult  to  explain  the  course  of  the  blood 
changes  observed  in  two  children  who,  after  the  leucocyto- 
sis had  reached  a  considerable  height,  continued  to  do 
badly,  one  dying  from  sepsis,  the  other  from  pneumonia, 
while  the  numbers  of  intravascular  leucocytes  steadily  de- 
creased. So  far  as  the  writer  can  learn,  leucocytoses  of 
such  a  character  have  not  been  previously  observed  in  diph- 
theria, nor  have  they  been  successfully  reproduced  experi- 
mentally. Both  of  these  cases  being  prolonged  examples 
of  the  disease  and  attended  with  extreme  septic  absorption, 
it  is  possible  that  the  excessive  quantity  of  toxine  thrown 
into  the  circulation  produced  a  condition  of  progressive 
toxic  hypoleucocytosis,   exhausted   the  blood-producing 
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function,  and  even  destroyed  many  leucocytes  already  pres- 
ent in  the  blood.  Evidences  of  leucocytolysis  were  not 
"wanting  in  the  blood  drawn  before  death.  Tn  salt  solution 
very  few  of  the  leucocytes  could  be  stained,  their  outlines 
were  very  irregular,  and  amoeboid  figures  were  abundant, 
while  in  dry  preparations  there  was  an  unusual  number  of 
broken  nuclei  without  adherent  protoplasm. 

For  the  continued  period  of  hypoleucocytosis  observed 
in  one  case,  in  which  the  cervical  lymph  nodes  were  enor- 
mously swollen,  and  which  was  fatal  on  the  nineteenth  day 
from  pneumonia,  no  plausible  explanation  offers  itself. 

The  Analysis  of  the  Blood  in  the  Prognosis  of  Diphthe- 
ria.— Tn  none  of  the  cases  was  it  foujid  possible  to  attach 
any  prognostic  value  to  a  simple  enumeration  of  the  leuco- 
cytes at  any  stage  of  the  disease. 

Previous  writers  have  agreed  that  the  examination  of 
the  blood  can  give  little  aid  in  the  prognosis  of  diphtheria. 
Since  the  intravascular  leucocytosis  measures  in  general  the 
degree  of  septic  absorption,  it  may  be  inferred  from  a  high 
leucocytosis  in  diphtheria,  as  in  pneumonia,  that  the  infec- 
tion is  severe,  but  not  that  the  course  of  the  disease  will 
prove  unfavorable.  The  highest  leucocytoses  of  the  pres- 
ent series  were  noted  in  two  severe  cases,  both  of  which  ul- 
timately recovered,  and,  on  the  other  hand,  in  two  fata 
cases  there  was  no  leucocytosis  during  the  first  few  days  of 
the  disease.  When,  however,  the  blood  changes  are  fol- 
lowed from  day  to  'day,  it  will  be  found  that  progressive 
increase  of  leucocytes  is  usually  followed  by  death.  Yet, 
contrary  to  the  conclusion  of  Gabritschewsky,  in  some  very 
septic  fatal  cases  there  was  a  steady  decrease  of  leucocytosis 
up  to  the  time  of  death.  Some  little  assistance  may  be 
obtained  from  a  study  of  dry  preparations,  from  which 
it  appears  that  in  the  favorable  cases  the  percentage  of 
multi nuclear  leucocytes  is  usually  high  and  increasing, 
while  in  the  fatal  cases  their  proportion  is  lower  and  di- 
minishing. 

It  must  be  concluded,  therefore,  that  no  valuable  prog- 
nostic signs  can  be  obtained  from  observations  of  the  leuco- 
cytoses of  diphtheria  thus  far  considered.  When,  however, 
the  blood  is  drawn  in  salt  solution,  tinged  with  gentian 
violet,  and  the  staining  qualities  of  the  leucocytes  are  con- 
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sidered,  a  greater  value  can  be  at  once  placed  upon  the 
examination.  From  an  analysis  of  the  appended  tables  it 
will  readily  be  seen  that  the  numbers  and  percentages  of 
the  poorly  staining  leucocytes,  and  usually  of  amoeboid 
figures,  invariably  increased  with  the  unfavorable  course  of 
the  disease,  and  without  relation  to  the  total  numbers  of 
leucocytes  to  be  found  in  the  blood.  This  failure  of  color 
reaction  can  be  only  imperfectly  indicated  by  numerical 
estimates  of  stained  and  unstained  leucocytes,  for  in  severe 
cases  all  the  multinuclear  leucocytes  were  somewhat  affected. 
Whatever  its  nature  may  be,  evidence  of  the  prognostic 
importance  of  this  nuclear  change  was  found  in  every 
severe  case  in  which  it  was  considered.  In  all  the  grave 
conditions  the  proportion  of  poorly  stained  leucocytes  was 
large  ;  if  the  patient  improved,  the  leucocytes  recovered 
their  staining  capacities  ;  or,  if  the  general  condition  grew 
worse,  the  staining  reaction  became  weaker.  Any  con- 
siderable increase  of  poorly  stained  leucocytes,  especially 
if  accompanied  by  a  decrease  of  well-stained  cells,  invaria- 
bly heralded  a  grave  or  fatal  turn  in  the  disease.  This  evi- 
dence of  the  blood  sometimes  preceded  any  noticeable 
change  in  the  patient,  as  judged  by  the  usual  clinical  signs ; 
more  often  the  failing  condition  was  evident  at  the  time  of 
the  examination ;  occasionally  the  patient  appeared  to  fail 
or  improve  a  few  hours  before  any  change  was  observed  in 
the  leucocytes.  In  a  few  rapidly  fatal  cases  in  which  me- 
chanical stenosis  or  pneumonia  was  the  immediate  cause  of 
death,  this  change  in  the  leucocytes  was  less  pronounced, 
but  when  septic  absorption  had  continued  for  several  days 
a  high  proportion  of  stainless  leucocytes  was  always  noted. 
While  subject,  then,  to  the  limitations  of  most  isolated 
clinical  symptoms  throughout  these  observations,  the  stain- 
ing capacity  of  the  leucocytes  took  its  place  among  the 
features  of  the  disease,  and  proved  to  give  the  most  valu- 
able prognostic  sign  obtainable  from  the  examination  of 
the  blood. 

The  Infiuence  of  Antitoxine  upon  the  Leucocytosis  of  Diph- 
theria.— The  injection  of  antitoxine  in  nearly  every  in- 
stance produced  marked  and  immediate  effects  upon  the 
leucocytes.  Of  eighteen  observations  made  just  before  and 
after  the  injections,  in  fifteen  there  was  a  considerable  de- 
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crease  in  the  numbers  of  leucocytes,  most  marked  within 
twenty-five  to  forty  minutes  after  the  injection.  Of  the 
exceptions,  two  cases  were  very  shortly  fatal,  and  one  was 
an  adult,  receiving  only  seven  cubic  centimetres  of  the 
serum.  The  duration  of  this  period  of  hypoleucocytosis 
could  not  well  be  determined  in  patients  profoundly  ill, 
but  in  normal  rabbits  receiving  an  equal  quantity  of  serum 
according  to  their  weight,  the  hypoleucocytosis  was  found 
to  persist  for  twenty-four  or  even  forty-eight  hours.  In 
rabbits  suffering  from  injections  of  virulent  cultures  of 
diphtheria  it  was  observed  to  continue  for  three  to  five 
hours.  The  more  powerful  serum  produced  the  greater  de- 
crease of  leucocytes. 

From  the  examination  of  dry  preparations  made  before 
and  after  injections  it  became  evident  that  the  decrease  of 
leucocytes  was  principally  in  the  uninuclear  and  poorly 
staining  multinuclear  forms,  and  not  in  the  ordinary  polynu- 
clear  cells,  which  are  most  affected  in  toxic  hypoleucocyto- 
sis. The  multinuclear  cells,  however,  were  here  found  dis- 
tinctly increased  in  proportion,  though  diminished  in 
numbers.  According  to  Lowit,  in  the  hypoleucocytosis 
produced  by  cooling  and  exhaustion  the  uninuclear  leu- 
cocytes are  diminished,  while  the  multinuclear  cells  are  in- 
creased in  proportion.  Shock,  on  the  contrary,  reduces 
principally  the  multinuclear  forms.  It  does  not  seem  prob- 
ble  tliat  the  decrease  of  leucocytes  observed  after  serum  injec- 
tions can  be  entirely  attributed  to  any  of  these  factors,  for 
there  is  certainly  as  much  shock  as  reduction  of  tempera- 
ture or  exhaustion  attending  the  injection  of  serum,  but 
probably  not  sufficient  of  any  of  these  influences  to  notice- 
ably affect  the  blood.  In  the  writer's  experiments  two 
cubic  centimetres  of  normal  sheep's  serum  were  injected 
subcutaneously  in  rabbits  without  noticeably  affecting  the 
blood.  The  injections  were  repeated  with  the  same  serum 
treated  with  solid  camphor,  the  preservative  agent  used  in 
the  antitoxine,  and  still  no  considerable  effect  was  observed 
in  the  blood.  Under  exactly  the  same  conditions  the  in- 
jection of  the  same  quantity  of  antitoxine  markedly  reduced 
the  leucocytes  in  normal  rabbit's  blood,  a  reduction  which 
became  more  pronounced  with  stronger  serum.  Unless  the 
technique  of  these  experiments  was  faulty,  it  may  safely  be 
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concluded  that  the  hypoleucocytosis  occurring  after  injec- 
tions of  antitoxine  is  due  principally  to  the  active  immu- 
nizing agent  contained  in  the  serum,  and  not  to  shock,  or 
cooling,  or  exhaustion,  or  the  camphor  dissolved  in  the 
serum,  or  the  common  constituents  of  all  normal  animal 
blood  serum. 

What,  then,  is  the  significance  of  this  reduction  of 
leucocytes  following  the  injection  of  antitoxine  ?  Tt  has 
been  noted  by  Tsaetf,  Cantacuzene,  and  others  that  the  local 
afflux  of  leucocytes  after  intraperitoneal  injection  of  the 
cholera  germ  is  much  greater  in  animals  treated  by  prevent- 
ive serum  than  in  animals  not  receiving  this  treatment. 
Possibly  this  fact  may  offer  a  partial  explanation  of  the 
hvpoleucocytosis  observed  after  injection  of  diphtheria  anti- 
toxine. If  the  serum  does  hasten  the  separation  of  mem- 
brane and  reduce  septic  absorption,  as  seems  probable  from 
the  weight  of  clinical  testimony,  it  must  do  so  largely  by 
an  increase  of  leucocytosis  and  inflammation  at  the  site  of 
infection.  Whether  an  afflux  of  leucocytes  to  the  site  of 
the  lesion  occurs  within  half,  an  hour  after  the  injection  of 
serum  can  only  be  proved  by  an  enumeration  of  leucocytes 
in  the  exudate,  or,  better,  in  the  inflamed  tissues,  before 
and  after  the  injections. 

A  final  possible  factor  in  the  blood  changes  referable 
to  the  antitoxine  remains  for  consideration.  Most  histolo- 
gists  favor  the  belief  that  all  leucocytes  are  developmental 
forms  of  a  single  series.  As  the  antitoxine  increases  the 
proportion  of  multinuclear  forms  while  diminishing  that  of 
the  uninuclear  elements,  it  is  possible  that  some  of  the 
uninuclear  cells  are  rapidly  transformed  into  multinuclear 
leucocytes,  thus  increasing  the  phagocytic  power  of  the 
blood.  The  length  of  time  required  is  no  objection  to  this 
hypothesis,  for  the  production  of  multinuclear  leucocytes  is 
exceedingly  rapid  in  experimental  leucocytosis.  But,  in 
spite  of  the  evident  convenience  of  such  an  explanation, 
there  seems  to  be  no  sufficient  basis  on  which  it  can  rest. 
Most^of  the  recent  evidence  has  told  against  the  theory 
that  all  or  any  two  forms  of  leucocytes  belong  to  one 
series.  Zenoni's  work  may  be  mentioned  as  one  of  the 
most  convincing  studies  of  this  character,  in  which  he  found 
no  connection  whatever  between  the  various  forms  of  leu- 
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oocytes  during  the  excessive  variations  in  their  numbers 
which  follow  repeated  large  haemorrhages.  Not  wishing 
to  enter  further  into  this  discussion,  it  may  be  said  of  the 
dry  preparations  studied  in  the  present  cases  that  no  tran- 
sitional forms  were  seen  between  the  large  uninuclear 
cells  and  the  multinuclear  cells  with  compact  nucleus.  Fur- 
ther, because  of  differences  in  the  size,  form,  and  staining 
quality  of  the  nucleus,  and  in  the  quantity  and  staining  re- 
action of  the  protoplasm,  it  is  believed  that  no  such  transi- 
tion forms  existed  in  these  preparations.  Between  the 
small  uninuclear  cells  with  compact  nucleus  and  the  multi- 
nuclear  leucocytes  transitional  forms  were  abundant,  but 
these  cells  were  much  less  affected  by  the  injections  than 
the  large  uninuclear  elements  were.  While,  therefore,  it 
is  possible  that  the  increase  in  the  proportion  of  multinu- 
clear leucocytes  after  injections  of  antitoxine  partly  results 
from  rapid  development  of  these  cells  from  uninuclear 
elements,  the  writer  can  offer  no  evidence  that  such  a  change 
actually  occurs. 

Consequently,  the  evidence  at  hand  favors  the  belief 
that  the  hypoleucocytosis  produced  by  the  antitoxine  is  due 
to  a  negative  chemotactic  action  residing  in  \the  immuniz- 
ing principle  contained  in  the  serum.  In  the  hypoleucocy- 
tosis produced  experimentally  by  injection  of  chemical 
agents  the  leucocytes  have  been  found  to  lodge  in  the  vis- 
ceral capillaries,  frequently  causing  thrombi  in  the  organs. 
Very  large  injections,  however,  are  necessary  to  produce 
such  lesions,  and  the  small  doses,  comparable  to  an  injec- 
tion of  antitoxine,  cause  such  slight  changes  in  the  number 
of  leucocytes  in  the  capillaries  that  an  increase  can  be  de- 
termined only  by  careful  enumerations  (Goldschneider  and 
Jacob,  Werigo,  etc.).  Nevertheless,  this  negative  chemo- 
tactic action  of  the  antitoxine  must  be  regarded  with  sus- 
picion, until  it  is  shown  by  experiment  that  the  injection 
does  not  cause  a  lodgment  of  leucocytes  in  the  visceral 
capillaries,  and  does  not  remove  from  the  circulation  a  cer- 
tain number  of  available  phagocytes.  When  ten  thousand 
to  fifteen  thousand  leucocytes  per  cubic  millimetre  are  sud- 
denly removed  from  the  circulation,  and  the  patient  dies 
within  a  short  period,  or  in  a  few  days,  as  occurred  in  at 
least  three  of  the  present  cases,  one  must  hesitate  before 
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recommending  the  use  of  antitoxine  after  a  very  grave  con- 
dition has  been  established  in  diphtheria. 

In  small  and  repeated  doses  the  necessary  quantity  of 
serum  could  probably  be  administered  without  producing 
such  a  rapid  and  marked  diminution  of  leucocytes. 

Besides  the  reduction  in  the  total  number  of  leu- 
cocytes and  increase  in  the  proportion  of  multinuclear 
forms,  the  antitoxine  strikingly  influenced  the  staining^ 
capacity  of  the  leucocytes,  as  seen  in  salt  solution  and  less 
plainly  in  dry  preparations.  In  several  instances  an  im- 
provement in  the  staining  capacity  of  the  leucocytes  was: 
apparently  to  be  observed  within  thirty  minutes  after  the 
injection ;  but  the  indications  of  these  cases  are  to  be  dis- 
trusted, because,  in  the  most  evident  example,  a  successful 
intubation  was  combined  with  the  injection  of  antitoxine. 
In  rabbits,  after  partially  destroying  the  staining  capacity 
of  leucocytes  by  repeated  injections  of  diphtheria  cultures, 
the  antitoxine  seemed  to  produce  an  immediate  improve- 
ment in  the  leucocytes  but  once  in  four  experiments.  Yet 
it  is  an  interesting  fact  that  five  children  in  whom  the 
numbers  of  stainless  leucocytes  did  not  diminish  imme- 
diately after  the  injection  all  died.  When,  however,  a 
period  of  twelve  hours  is  allowed  to  intervene  after  the  use 
of  the  serum,  the  examination  of  the  blood  in  both  clinical 
and  experimental  diphtheria  left  no  doubt  that  in  favorable 
cases,  after  the  injection  of  antitoxine,  the  staining  capa- 
city of  the  leucocytes  is  greatly  improved.  This  period 
may  very  well  allow  other  influences  than  the  antitoxine  to 
affect  the  leucocytes,  but  the. fact  of  the  sequence  remains 
unaltered.  In  the  fatal  cases  the  change  in  the  leucocytes 
was  entirely  absent  or  less  evident,  and  soon  succeeded  by 
increasing  failure  of  staining  reaction. 

Significance  of  the  Staining  Reaction  of  Leucocytes. — 
Having  followed  the  leucocytes  and  their  affinity  for  gen- 
tian violet  through  many  of  the  phases  of  diphtheria,  and 
having  noted  the  close  relation  of  this  property  to  the 
symptoms  and  prognosis  of  the  disease,  some  questions 
arise  concerning  the  significance  of  the  staining  capacity  of 
the  leucocytes  and  its  possible  importance  in  the  process  of 
immunization. 

Does  the  affinity  of  the  nuclei  of  leucocytes  for  certain 
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dyes  depend  upon  the  presence  in  the  nuclei  of  some  chem- 
ical principle  essential  to  phagocytosis,  and  which  is  altered 
or  destroyed  by  bacterial  poisons  ?  Does  the  condition  of 
the  nucleus  bear  any  relation  to  the  phenomena  of  chemo- 
taxis  ?  With  all  the  evidence  now  accumulated  in  favor  of 
the  phagocytic  theory,  we  do  not  yet  know  the  ultimate 
reason  why  the  leucocytes  absorb  and  digest  bacteria  under 
some  conditions  and  fail  entirely  to  do  so  in  others.  A 
short  review  of  the  present  theories  of  immunity  will  serve 
to  place  the  subject  in  its  proper  bearing. 

In  1891  Klemperer  protected  animals  against  fatal 
doses  of  the  vibrio  of  MetchnikoS  and  of  the  pneumococcus 
of  Fraenkel  by  injections  of  serum  from  patients  cured  of 
cholera  and  pneumonia.  Behring  and  Kitasato  secured  the 
same  result  in  tetanus  and  diphtheria.  On  this  and  other 
such  evidence  rests  the  antitoxic  theory  of  immunity — that 
the  serum  of  patients  cured  of  a  disease  contains  a  substance 
which  neutralizes  the  poison  produced  by  that  germ.  The 
mode  of  destruction  of  the  germ  itself  was  not  investigated 
in  these  experiments. 

The  bactericidal  theory  presents  much  stronger  claims  for 
consideration.  In  1890  Behring  and  Nissen  found  that  the 
vibrio  of  Metchnikoff  grew  luxuriantly  in  normal  pig's  serum, 
but  soon  perished  in  large  numbers  in  the  serum  of  im- 
mune animals.  They  maintained  that  the  serum  of  inoculated 
animals  contained  unknown  principles  capable  of  killing  the 
vibrio  within  or  without  the  organism,  and  that  this  prin- 
ciple was  the  cause  of  immunity.  Ziislein,  in  1890,  proved 
that  the  injected  vibrio  found  its  vvay  into  the  blood,  where, 
in  the  inoculated  animal,  it  soon  perished,  but  in  the  sus- 
ceptible animal  increased  enormously.  Studying  the  ac- 
companying leucocytosis  and  observing  no  increase  of  leu- 
cocytes in  the  inoculated  animal  and  extreme  leucocytosis 
in  the  other,  he  concluded  that  phagocytosis  was  little  con- 
cerned in  the  process  of  cure  and  that  the  blood  serum 
alone  was  the  bactericidal  agent.  Pfeiffer,  in  1892,  find- 
ing that  after  large  intraperitoneal  injections  the  perito- 
neal exudate  contained  very  few  vibrios  at  the  time  of 
death,  inferred  that,  while  the  animal  died  of  intoxication, 
the  germs  had  not  withstood  the  bactericidal  action  of  the 
blood  serum. 
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Pfeiffer  and  Wasserman,  in  1893,  corroborated  the 
previous  observation  of  Gamaleia,  that  fresh  and  inoculated 
animals  are  equally  susceptible  to  the  toxines  produced  by 
the  vibrio  of  MetchnikofE.  They  believe  that  in  the  inocu- 
lated animal  certain  phenomena  occur  at  the  point  of  inocu- 
lation which  prevent  the  formation  of  toxines.  Neither  is 
immunity  due,  in  their  opinion,  to  the  bactericidal  action  of 
blood  serum,  which  they  found  merely  to  retard  the  growth 
of  bacteria,  which  later  multiply  abundantly.  Phagocyto- 
sis they  regard  as  a  secondary  process,  for  when  the  peri- 
toneal cavity  is  infected  with  cultures  sterilized  by  drying, 
and  containing  neither  living  germs  nor  toxines,  phagocyto- 
sis still  occurs.  Further,  in  inoculated  animals  under  the 
influence  of  opium,  choleraic  infection  of  the  intestine  is 
readily  fatal,  although  phagocytosis  is  abundant  and  many 
pus  cells  are  found  in  the  intestine  containing  partially 
digested  vibrios.  The  process  of  immunity,  they  con- 
clude, is  therefore  neither  bactericidal  nor  antitoxic  nor 
phagocytic,  but  dependent  upon  very  complex  and  still  im- 
known  factors. 

Pfeiffer  and  Isaeff,  in  1894,  infected  the  peritoneal 
cavity  in  guinea-pigs  with  a  cholera  vibrio  twenty-four 
hours  after  treatment  with  cholera  serum.  Examining  sub- 
sequently the  peritoneal  exudate,  they  found  that  in  all 
cases  in  which  the  scrum  acted  as  a  specifie,  the  germs  per- 
ished within  two  or  three,  hours,  and  they  convinced  them- 
selves that  the  great  majority  of  the  germs  were  destroyed 
without  phagocytosis. 

Buchner  presents  evidence  to  show  that  the  bactericidal 
action  of  the  blood  depends  upon  an  unstable  albuminoid 
compound,  "  alexine,"  contained  principally  in  the  leuco- 
cytes. By  injecting  a  vegetable  irritant,  "  Aleuronatmehl,^^ 
into  the  pleural  cavity  of  the  rabbit,  he  obtained  a  puru- 
lent exudate  free  from  bacterial  products,  which  was  more 
actively  bactericidal  than  normal  blood.  That  the  bac- 
tericidal action  of  this  exudate  is  independent  of  phagocy- 
tosis he  concludes  from  the  fact  that  after  freezing — treat- 
ment which  must  destroy  all  phagocytic  power — the 
bactericidal  action  of  the  exudate  is  not  at  all  impaired. 
Phagocytosis  he  therefore  regards  as  a  secondary  process 
in  the  destruction  of  bacteria  within  the  organism. 
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Tlie  phagocytic  theory  has  been  largely  in  the  hands  of 
the  French  school  of  scientists.  In  1891  Metchnikotf,  con- 
tinuing the  observations  of  many  previous  studies,  cor- 
roborated the  results  of  Behring  and  Nissen  as  to  the 
bactericidal  povs^er  of  vaccinal  serum,  but  maintained  that  the 
survival  of  bacteria  within  the  organism  was  much  greater 
than  in  culture  media  prepared  from  the  serum  of  vac- 
cinated animals.  After  intraocular  injections,  he  found 
marked  local  phagocytosis  in  the  refractory  animal,  but 
absence  of  this  phenomenon  in  susceptible  animals.  In 
the  inoculated  subject  the  phagocytes  had  englobed  the 
vibrios,  and,  by  the  examination  of  hanging  drops,  he 
proved  that  these  absorbed  bacteria  were  still  active  and 
capable  of  rapid  growth  in  the  supposed  bactericidal  se- 
rum. He  proved  also  that  the  germs,  when  introduced 
into  a  refractory  organism,  underwent  a  distinct  increase 
of  virulence. 

In  1893  he  noted  that  the  therapeutic  power  of  cholera 
serum  bore  no  relation  to  the  favorable  or  unfavorable 
termination  of  the  disease,  the  patient  recovering  at  times 
when  the  blood  w^as  entirely  lacking  in  therapeutic  virtue. 

In  1894  IsaefE  found  that  the  bactericidal  power  of  the 
blood  might  not  be  established  for  three  weeks  after  recov 
ery  from  cholera,  and  was  then  little  greater  than  that  of 
normal  serum.  He  secured  varying  grades  of  immunity  in 
guinea-pigs  from  injections  of  salt,  normal  serum,  nuclein, 
and  tuberculin.  Studying  phagocytic  reaction,  he  pro- 
duced marked  local  afflux  of  leucocytes  by  intraperitoneal 
injection  of  each  of  these  agents.  After  fatal  bacterial  in- 
jections the  afflux  of  leucocytes  failed  to  occur,  and  the  pe- 
riod of  negative  chemotaxis  was  continued  till  the  death  of 
the  animal.  In  guinea-pigs  previously  treated  with  immu- 
nizing serum,  injections  of  bacteria  were  followed  in  ten 
minutes  by  local  leucocytosis.  In  susceptible  animals  there 
was  slight  local  leucocytosis,  with  no  absorption  of  bacteria  ; 
in  animals  treated  with  normal  serum  the  local  reaction  was 
marked,  and  many  bacteria  were  taken  up  by  the  leuco- 
cytes, while  in  strongly  immunized  animals  the  inflamma- 
tory reaction  was  very  pronounced  and  the  phagocytosis 
apid  and  complete. 

Sanarelli,  in  a  series  of  experiments  conducted  during 
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the  past  year,  found  that  the  vibrio  of  Metchnikoff  perished 
in  large  numbers  in  vaccinal  serum,  but  that  many  survived, 
and  when  washed  in  salt  solution  and  freed  from  serum  the 
remaining  bacteria  showed  increased  virulence. 

Very  recently,  Cantacuzene  has  published  the  results  of 
an  extended  study,  and  shown  the  necessity  of  an  afflux 
of  leucocytes  to  the  intestinal  tract  in  the  cure  of  experi- 
mental cholera.  He  has  proved  that  opium  narcosis,  which 
suppresses  immunity  in  refractory  animals,  does  so  because 
it  first  suspends  the  activity  of  leucocytes. 

Sufficient  evidence  has  thus  been  reviewed  to  establish 
the  essential  character  of  phagocytosis  and  the  probable 
bactericidal  action  of  blood  serum  in  the  production  of  im- 
munity. 

The  importance  of  the  nucleus  in  the  cellular  reaction 
of  the  organism  against  infection  has  been  indicated  by 
Klemperer.  After  the  observation  of  Kossel,  that  nucleinic 
acid  destroys  the  cholera  germ  very  rapidly,  Klemperer 
demonstrated  the  presence  of  this  acid  in  the  nuclei  of  the 
intestinal  epithelial  cells  by  the  green  coloration  produced 
with  Ehrlich's  triacid  mixture.  He  regards  the  acid  ex- 
isting in  the  nuclei  of  epithelial  cells  as  the  true  agent  in 
immunity  against  cholera. 

Lilienfeld  and  Posner  have  also  demonstrated  the  pres- 
ence of  an  acid  in  the  nuclei  of  epithelial  cells  by  the 
green  color  produced  with  methyl  green.  Though  failing 
to  see  how  an  acid  contained  in  the  nuclei  of  epithelial 
cells  can  aflEect  bacteria  free  in  the  intestinal  lumen,  they 
find  that  injections  of  nucleinic  acid  not  only  destroy  the 
cholera  germ,  but  enfeeble  the  action  of  the  choleraic 
toxine. 

Buchner  maintains  that  the  cellular  principle  concerned 
in  immunity  is  not  nucleinic  acid,  the  bactericidal  action  of 
which  is  destroyed  by  cold  but  is  unaffected  by  moderate 
elevations  of  temperature.  The  bactericidal  power  of  the 
purulent  exudate  previously  described  is,  however,  not  at 
all  affected  by  freezing,  is  destroyed  by  a  moderate  degree 
of  heat,  and  must  therefore  depend  upon  the  presence  of 
some  principle  other  than  nucleinic  acid. 

These  observations,  then,  point  to  the  possible  impor- 
tance of  the  nucleus  as  the  special  agent  in  the  phagocytic 
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cellular  reaction  and  defense  of  the  organism  against  bac- 
terial invasion.  The  variation  of  the  staining  qualities  of 
leucocytes  to  be  found  in  diphtheria  is  believed  to  offer 
further  evidence  that  some  principle  exists  in  tlie  nuclei  of 
these  cells  which  is  very  siisceptible  to  the  action  of  bac- 
terial toxines,  the  normal  presence  of  which  is  necessary  to 
positive  chemotaxis  and  phagocytosis,  and  which  is  con 
served  or  restored  by  immunizing  serum. 

SUMMARY. 

Diphtheria  is  usually  attended  by  pronounced  leucocy- 
tosis.  The  increase  of  leucocytes  begins  a  few  hours  after 
the  infection,  probably  appearing  earlier  in  refractory  indi- 
viduals, and  often  being  long  delayed  in  susceptible  cases 
with  severe  infection.  In  favorable  cases  the  leucocytosis 
is  greatest  at  the  climax  of  the  disease,  and  steadily  de- 
clines during  convalescence.  There  may,  however,  be  pro- 
longed hyperleucocytosis  after  other  local  and  constitu- 
tional symptoms  have  subsided. 

In  unfavorable  cases,  the  leucocytosis  continues  until 
death;  but  in  somewhat  prolonged  cases,  with  much  septic 
absorption,  there  may  be  an  uninterrupted  decrease  of  leu- 
cocytes continuing  up  to  the  fatal  termination. 

A  complicating  pneumonia  usually  causes  a  considera- 
ble increase  in  leucocytosis. 

The  degree  of  leucocytosis  in  diphtheria  often  varies 
with  the  fever,  but  much  more  frequently  corresponds  to 
the  extent  of  the  local  lesion. 

The  intravascular  leucocytosis  of  diphtheria  measures 
exactly  the  systemic  reaction  against  the  toxic  products 
circulating  in  the  blood  and  absorbed  from  the  site  of  in- 
fection. 

High  leucocytosis  in  diphtheria  indicates  a  pronounced 
reaction  against  a  severe  infection,  but  is  not  necessarily  an 
unfavorable  prognostic  sign. 

Steadily  decreasing  leucocytosis  usually,  but  not  always, 
accompanies  a  favorable  course  in  the  disease. 

Slight  leucocytosis  usually  indicates  a  mild  infection, 
but  fata!  cases  may  for  several  days  show  no  increase,  or 
even  a  decrease,  of  leucocytes. 

The  staining  reaction  of  the  leucocytes  is  an  accurate 
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measure  of  the  severity  of  a  diphtheritic  infection,  and 
variations  in  this  reaction  often  precede  changes  in  other 
symptoms, 

Antitoxine,  within  thirty  minutes  after  its  injection, 
causes  a  hypoleucocytosis,  the  reduction  affecting  specially 
the  uninuclear  leiicocytes,  while  the  proportion  of  well- 
stained  multinuclear  cells  is  increased.  This  action  is  due 
largely  to  the  immunizing  principle  contained  in  the  serum. 

In  favorable  cases,  after  the  injection  of  antitoxine,  the 
leucocytosis  never  again  reaches  its  original  height.  In 
severe  and  less  favorable  cases,  the  injection  is  followed 
in  a  few  hours  by  hyperleucocytosis  and  fever,  exceeding 
those  symptoms  as  found  in  the  original  condition.  In 
unfavorable  cases,  an  injection  of  antitoxine  may  be  fol- 
lowed immediately  by  rapid  hyperleucocytosis  or  extreme 
hypoleucocytosis  and  death. 

The  reduction  of  leucocytes  immediately  succeeding 
the  injection  of  antitoxine,  especially  in  severe  cases  of 
diphtheria,  is  an  undesirable  feature  of  the  action  of  this 
agent,  and  as  far  as  possible  should  be  avoided. 

The  multinuclear  leucocytes  found  in  the  blood  of 
favorable  cases  after  treatment  by  antitoxine  show  in- 
creased affinity  for  gentian  violet.  This  change  may  be 
observed  within  twelve  hours  after  the  injection,  and  the 
failure  of  its  occurrence  is  a  very  unfavorable  prognostic 
sign. 

The  variations  in  the  staining  reaction  of  leucocytes  in 
diphtheria  indicate  that  the  nuclei  of  these  cells  contain 
a  principle  essential  to  phagocytosis  and  immunity  in  this 
disease. 
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